Abstract. We discuss about efficient algorithms for obtaining the centroid direction for each of the three types of monotonicity in a polyhedron. Stronglyand directionally-monotone centroids are shown to be obtained by applying the previous result. This paper focuses on developing an efficient method for approximating the weakly-monotone centroid.
Introduction
Three types of a polyhedron monotonicity: strong, weak, and directional monotonicity have been characterized as geometric problems to find great circles separating or intersecting a set of spherical polygons that are derived from sub-surfaces of the polyhedron and its convex hull [1] . Consequently, all directions for the three monotonicities can be constructed in ) log log ( n n k nk O  time, where n and k are the numbers of all faces and all sub-surfaces, respectively. In this paper, we consider efficient algorithms for finding a centroid of all monotone directions, which will be called the monotone centroid in short, in a polyhedron. The centroid in a set of directions is defined so as to maximize the minimum distance between the centroid and all directions in the set.
The strongly-and directionally-monotone centroids can be obtained by directly applying a discrete algorithm [2] that approximates centroids among great circles maximally intersecting a set of spherical polygons. The weakly-monotone centroid will be efficiently approximated in
time by intersecting other spherical objects called great bands instead of non-convex spherical regions.
Notations and Definitions
The space on the boundary of the unit sphere centered at origin in three dimension is described as 
S
is denoted by
, where 
Approximating Weakly-Monotone Centroids in a Polyhedron
Monotone directions of a polyhedron can be characterized with the sub -surfaces of the polyhedron: pockets, lids, sub-pockets, and sub-lids. Weakly-monotone directions can be established by finding great circles intersecting a set of visibility polygons of sub-pockets and sub-lids of a polyhedron (Lemma 6 in [1] ). Intersecting a set of spherical polygons is complementary to separating the set of spherical polygons. The poles of great circles separating a visibility polygon are the complement of its positive and negative duals . We introduce two circles bounding a convex polygon; in-circle and circum-circle, which are the largest circle within the polygon and the smallest circle enclosing the polygon, respectively. When we replace a polygon with its bounding circle, the nonconvex region that is the complement of two polygons is approximated with a convex object called the great band, as illustrated in Figure 2 . The in-circle approximation can be used for the feasibility test since it is a necessary condition for the original solutions, while the circum-circle is used for a sufficient approximation such as finding the centroid among solutions.
The approximately reduced problem of intersecting great bands is considered under the extension of the geometric space from by using the surprising result [6] ; the in-circle of a polygon is complement of its circum-circle on 
Results
By using Lemma 1 and 2, we can construct an efficient algorithm for obtaining the weakly-monotone centroid with the sub-pockets and sub-lids of a polyhedron can be constructed as. [4, 7, 8] . endProcedure WeaklyMonotoneCentroid
